Background: During the last 3 decades, China has dramatic changes of the dietary pattern among its citizens, particularly in urban cities. This study aimed to determine the nutrient intake status and factors associated with nutrient intakes of urban Chinese pregnant women now-a-day. Methods: The multistage stratified random sampling method was applied in the cross-sectional study. 479 women in three trimesters of pregnancy from eight cities of China were recruited. Nutrient intakes were evaluated with one 24 h dietary recall, and compared with the Chinese Dietary Reference Intakes (DRIs) 2013 for available nutrients. Results: Most pregnant women had imbalanced macronutrient distribution with excessive energy derived from fat. Intakes of Vitamin A, B 6 , calcium, magnesium, and selenium were below Chinese Recommended Nutrient Intake (RNI) and Estimated Average Requirements (EARs) in all trimesters. Most pregnant women took more folic acid in the first trimester with a significant decrease in the second and third trimester (P < 0.05). Shortfall in iron intake was found in the third trimester whereas some women may be at the risk of excessive iron intake. Intakes of thiamin met RNI in the first trimester but were below EAR in all trimesters. Trimester phasing was positively associated with most nutrients (P < 0.05). Prepregnancy body mass index was inversely associated with energy, fat, Vitamin C, and calcium intake (P < 0.05). Educational level and household income were positively associated with folic acid intake (P < 0.05). Conclusions: Current prenatal dietary choices of urban pregnant women in China are imbalanced in the nutrient intake when compared with national DRIs 2013, particularly in intakes of energy derived from fat and micronutrients. Appropriate dietary advice to pregnant women should promote a balanced diet with emphasis on avoidance of foods of high fat content and incorporation of foods that are good sources of the key micronutrients that are usually lacking in a regular pregnancy diet. Further research is needed to understand the eating habits and food patterns that contribute to this imbalanced diet in order to be able to effectively improve prenatal women's nutrient intake status. or were restricted to limited districts. [6] Most importantly, to our knowledge, no studies have been conducted to compare the current nutrition status of Chinese pregnant women with the latest Chinese Dietary Reference Intakes (DRIs) 2013. [8] This study aims to describe nutrient intakes of pregnant women using data from the Maternal Infant Nutrition and Growth (MING) study, in which dietary intake data were collected on pregnant women in different trimesters of pregnancy from eight cities representing different geographical and economic profiles. This study, focusing on intakes from foods, beverages, and supplements, evaluates the nutrient intake level compared with current dietary recommendations in China.
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IntRoductIon
During pregnancy, it is a priority for mothers-to-be to obtain a balanced profile of nutrition to ensure optimal fetal growth and mothers' own health. It is clear that adequate nutrition in the first 1000 days is critical to a child's healthy growth and development to health and productivity later in life. [1] Meeting nutritional needs during pregnancy is well-recognized as one of the most critical issues in public health. In general, pregnant women pay more attention than nonpregnant women to nutrition and diet. [2] In developed countries, nutrient intakes among pregnant women are relatively higher than those in developing countries. [3] Previous reports in China have suggested that the diet of pregnant women is predominantly plant-based. [4, 5] But vitamin and minerals intake standards are hardly to be fulfilled, [3, 6] especially calcium, iron, zinc, Vitamin A, B 2 , and folic acid. [4] However, recent reports have it that more fat-content foods and other nutrients are consumed during the past decades in China.
To determine the status of nutrition intake transition comparing with the past on pregnant women's diet, there must be a thorough understanding of the nutritional intake of pregnant women to date. However, limited information across all trimesters and nationwide areas are available. Instead, many studies only focused on one or two trimesters [7] 
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or were restricted to limited districts. [6] Most importantly, to our knowledge, no studies have been conducted to compare the current nutrition status of Chinese pregnant women with the latest Chinese Dietary Reference Intakes (DRIs) 2013. [8] This study aims to describe nutrient intakes of pregnant women using data from the Maternal Infant Nutrition and Growth (MING) study, in which dietary intake data were collected on pregnant women in different trimesters of pregnancy from eight cities representing different geographical and economic profiles. This study, focusing on intakes from foods, beverages, and supplements, evaluates the nutrient intake level compared with current dietary recommendations in China.
methods
Subjects
The MING study, conducted in 2011 and 2012, is a cross-sectional study designed to investigate the dietary and nutritional status of pregnant women, lactating mothers, [9] and young children aged from birth up to 3 years [10] living in urban areas of China. The breast milk of lactating mothers was also collected in various lactation periods, with the objective to understand the breast milk composition profile of Chinese lactating mothers.
Pregnant women aged 20-40 years old were recruited in this study with a multistage stratified random sampling method. In the first stage, considering the geographical and economical status, eight cities were chosen for their geographical location (north, south, central, east, and west) and status of economic development (first-or second-tier) in China. Among these eight cities, there are 4 first-tier cities like Beijing, Shanghai, Chengdu and Guangzhou, and 4 second-tier cities like Shenyang, Lanzhou, Zhengzhou and Suzhou. In the second stage, two service centers of maternal and child care (SCMCC) in each city were randomly selected, with one in an urban area and the other in a suburban area. In the third stage, the sample was stratified considering pregnancy stage (first, second, and third trimester) and selected by systematic sampling method in each of SCMCC, based on pregnancy registration information, since we wanted to compare nutrient intakes with the specific nutrient recommendations at each stage. Target sample size was 480 in total, which was calculated by the cross-sectional study sample size calculation formula. [11] In eight cities, each SCMCC contributed 50% sample for a city. Each SCMCC recruited 30 pregnant women, in which 10 from the first trimester, 10 from the second trimester and 10 from the third trimester. To participate in the study, pregnant women needed to be generally healthy without any history of chronic disease, alcohol consumption (defined as no more than two drinks per week) or smoking habits. Pregnant women with gestational diabetes, hypertension, infectious disease (tuberculosis, viral hepatitis, and HIV infection), mental disease or recall deficit that could limit their ability to answer questions and receiving medical drugs during the period of the study were also excluded. Final sample size was 479, with 158 women in the first pregnancy trimester, 160 in the second and 161 in the third trimester. Once recruited, all participants would be requested to sign a written consent form before being interviewed. The study was conducted according to the guidelines in the Declaration of Helsinki. And the protocol was approved by the Human Research Ethics Committee of Peking University (Number: IRB00001052-11042).
Data collection
All information collected was obtained through face to face interviews conducted in each site. The interview covered different types of aspects of pregnancy, including general information, anthropometry, lifestyle habits, and dietary information. For the dietary intake assessment, one 24 h recall, one nutrition supplements questionnaire, and one food frequency questionnaire (FFQ) were administered. All interviewers were trained with a standard protocol for conducting the interviews. Participants were instructed on how to complete the questionnaires. If dietary information on the form was not completed, the questionnaire would be considered invalid.
This study focuses on the nutrient intake assessment from 24 h dietary recall. All foods, beverages, and supplements consumed on the previous day for each pregnant woman were recorded. A picture booklet of common foods consumed in China and typical measuring utensils were used to help participants to estimate serving sizes.
Analytical methods
Data entry was performed by two researchers on two separate computers with EpiData3.1 (EpiData Association Odense, Denmark). Nutrient intakes were calculated based on the 24 h dietary recall data with a food composition database created for this study combining Chinese Food Composition Tables (CFCT) 2004 [12] and 2009 [13] (CFCT, National Institute of Nutrition and Food Safety, China CDC). CFCT covers information on 36 nutrients for more than 800 foods. In addition, the database was expanded with another 22 kinds of food from published literature. The Standard Tables of Food Composition in Japan 2010 [14] was also referenced for 246 foods' content of Vitamin B6, biotin, and folic acid, which has not been reported in China.
Statistical analyses were performed using Statistical Package for Social Sciences 16.0 (SPSS version 16.0, SPSS Inc., Chicago, IL, USA). Nutrient intakes were assessed by being compared to DRIs 2013. [8] Mean intakes of energy and nutrients for each pregnancy subgroup (by trimester) were compared, with the Recommended Nutrient Intake (RNI) or Adequate Intake (AI) since only 1-day 24 h recall data was available for our sample. However, the distributions of nutrient intakes, [15] Estimated Average Requirement (EAR), and tolerable upper intake level (UL), are also presented for reference and discussion. The energy requirements are expressed in terms of estimated energy requirements (EERs).
Comparisons of group means in three trimesters were performed using ANOVA F-test. Multiple comparisons were carried out among different levels of variables. The associations of dietary intake of energy and nutrients and demographic factors such as trimester, age and prepregnancy body mass index (BMI), education, and household income were examined by multiple linear regression. All reported P values were 2-tailed, and a P < 0.05 was considered statistically significant.
Results
Sample description
The characteristics of the pregnant women [ Table 1 ] revealed that the average age of them were 27.0 ± 3.6 years. Most of them received senior high school education or above. Over 90% participants had a household income per capita per month over RMB 1500 Yuan. Using adjusted prepregnancy BMI for Chinese, 65.6% of subjects had a normal BMI, 12.5% were overweight or obese while 21.9% were underweight. Table 2 describes mean (standard deviation) energy and nutrient intakes among Chinese pregnant women across trimesters. Mean energy intake was 2098 ± 915 kcal/day with a wide range of variability and significantly higher in the third trimester (P < 0.05). Pregnant women consumed significantly more folic acid in the first trimester than the second and third trimester (P < 0.01). On the contrary, significantly less Vitamin A in the first trimester than the second and third trimester were consumed (P < 0.05). Niacin, calcium, phosphorus, potassium, and magnesium intake were significantly higher in the third trimester than the first trimester (P < 0.05).
Nutrient intakes
The intake distributions of energy, macronutrients, and micronutrients for participants in the first, second, and third trimesters are presented in Tables 3-5 , respectively. The proportion of energy derived from protein (14.7%, 15.6%, and 14.7%) and carbohydrate (51.2%, 50.8%, and 52.6%) were adequate compared with the recommendation (10-15% and 50-65%, respectively), [8] whereas fat contribution (37.0%, 36.8%, and 35.5%) compared with the recommendation (20-30%) [8] was excessive. Mean and median intakes of Vitamin A, B 6 , calcium, magnesium, and selenium were below the RNI (mean intake), and EAR (median intake) defined by the Chinese DRIs 2013. [8] Mean intake of folic acid was below RNI in all trimesters, even though there was a significant difference between the first trimester and the others. Iron intake in the third trimester was also below the RNI and EAR. Thiamin met the defined RNI in the first trimester but could not reach the EAR in all trimester.
Factors associated with intake of nutrients
The first model of multiple linear regression included age, education, household income, prepregnancy BMI, and trimester. Trimester was positively associated with most nutrients intakes (P < 0.05), such as energy, protein, carbohydrate, Vitamin A, niacin, Vitamin C, calcium, phosphorus, potassium, magnesium, and zinc. Prepregnancy BMI was inversely associated with energy, fat, Vitamin C, and calcium intake (P < 0.05). Educational level and household income were positively associated with folic acid intake (P < 0.05) [ Table 6 ].
dIscussIon
This is the first large-scale study to examine the nutrient intakes of pregnant women compared with Chinese DRIs 2013; this is also the most up-to-date and comprehensive study integrating nutrient intakes and the association between demographic factors and dietary intake in a representative sample of Chinese pregnant women from eight major cities across the country.
For pregnant women with light physical activity, energy intake increased over the course of pregnancy and met the EER. But it was below the EER for pregnant women with moderate physical activity. [8] Our study (unpublished data) indicates that most of the subjects tend to have a low physical activity pattern, thus energy intake may be adequate to meet their needs to a large extent. However, the variation of intakes of energy as well as some energy-related nutrients was considerable, which were in part related to the level of physical activity in the individual. [16] Differences in the published reference values from different countries on energy needs during pregnancy are considered to partially due to the reason above. [17, 18] In addition, China has a vast territory, and people living in the different places may have different diet pattern, which may contribute to the variation of energy and energy-related nutrients intakes. Compared with the earlier data reported from China NNHS 2002 for urban pregnant women (1975.4 kcal/day), [19] mean intake in this study (2093.7 kcal/day) was higher, which suggested an improvement of energy intake among Chinese pregnant women over the past 10 years. However, there seems to be still a gap between energy intakes among pregnant women in China and some Western countries, such as USA/Canada (2211.4 ± 173.3 kcal/day) and Europe (2207.3 ± 275.8 kcal/day). [20] In addition to an increase in calorie intake over the last decade, we have also seen a shift in the traditional macronutrient sources of energy. In line with earlier surveys in China, [19, 21] most of the participants in our study had excessive energy contribution from fat (%TE). Overconsumption of animal-based foods and/or especially oil may contribute to high fat intake. This is supported by our FFQ data (unpublished), which shows that 59.0% participants consumed more oil than the recommendations from Dietary Guideline for Chinese Residents (2008). [22] The macronutrient distribution of energy may indicate that Chinese pregnant women are likely to consume more energy-dense foods, rather than nutrient-dense alternatives which could contribute to the increasing rate of overweight and obesity reported in China, [23] and subsequently increase the risk of caesarean section [24] and macrosomia. [25] It is also noteworthy that the intake of protein in the third trimester was below the RNI (85 g/day) and EAR (75 g/day), which may imply that some women could be at the risk of inadequate protein intake. This is relevant in this particular trimester since protein requirements are increased to supply adequate protein for the fetus's growth.
Results in this study highlighted the possibility of inadequate dietary fiber consumption in urban Chinese pregnant women. A wealth of information supports the importance of consuming adequate amounts of dietary fiber from a variety of plant foods. In this study, the mean intake of dietary fiber was 14.9 g/day, which accounted for <60% AI (25-30 g/day). [8] This may lead to not only the low intake of dietary fiber, but also the associated nutrients found in high fiber foods including Vitamins B, C, and some minerals. Therefore, a further promotion of consuming dietary fiber and education around good food sources is needed.
Mean intakes of a number of micronutrients were below the RNIs, including Vitamin A, Vitamin B 6 , folic acid, calcium, magnesium, and selenium. For all of these nutrients, the median intakes generally also fell below the EARs during all gestational periods, which further demonstrate the risk of inadequate intake in this population of pregnant women. The inadequacy of micronutrient intakes is commonly seen in developing countries, [3, 26, 27] in contrast to generally AI seen in developed countries. [28, 29] Vitamin A deficiency, in particular, remains a public health issue in developing countries. [30] In line with NNHS 2002, [19] our study showed a low intake of Vitamin A among Chinese urban women. This may be explained by a limited consumption of good sources of Vitamin A, such as eggs and dairy products. Results from the FFQ (unpublished) suggested that over 50% of participants consumed a smaller quantity of eggs than the recommendation (50 g/day) [22] for pregnant women while a large majority of participants (83%) consumed less dairy foods than the recommendation. [22] This situation may also explain the insufficient intake of calcium in all trimesters shown in this study. However, median intake from our study was much higher than the previous Chinese studies. [19] Calcium supplements may contribute to the increase, for there were 6.3%, 16.8%, and 21% calcium supplement users in respective trimesters. It is suggested that calcium supplements may reduce the risk of preeclampsia and hypertensive disorder especially in women with low calcium intake. [31, 32] Together with the consumption of calcium-rich foods, such as milk, milk products, soy and soy products, achieving an adequate amount of calcium may prevent pregnant mothers from calcium deficiency symptoms.
Iron intake of the third trimester was below RNI and EAR, which suggests a risk of inadequate intake. This finding was consistent with Lai et al.'s study [4] and China NNHS 2002. [19] On the other hand, we found in the study some subjects had an intake above UL and could be at the risk of excessive iron intake. Iron supplements would account for this increased intake for 10.2% participants used such supplements. This observation is relevant since generally it is suggested to complement diet with iron supplements regularly from the first prenatal visit. [33] Researchers from Finland suggested supplying iron twice a week would have similar benefits to ¶ The UL for Vitamin A is based on preformed Vitamin A (retinol). Assessment of the proportion of the population with intakes above the UL is based on intakes of preformed Vitamin A rather than total RAEs. **%TE: Percentage of total energy. ɑ-TE: Alpha-tocopherol equivalents; DRIs: Dietary reference intakes. daily supplementation, yet, the risk of over consumption can be reduced. [34] The trend of folic acid intake drastically decreased from the second trimester. This highest intake in the first trimester could be mostly explained by the contribution of supplements since 118 (74.7%) pregnant women in this trimester reported to take folic acid supplements. Despite this, the mean intake in each trimester was below the RNI, thus it would be important to guarantee folic acid supplements intake in addition to a large quantity of folic acid dense food sources, like green leafy vegetables, whole-grain products, and legume.
Finally, high sodium consumption was confirmed to remain a public health issue. Mean intake of sodium in this study (4500 mg/d) was greatly above the AI for sodium (1500 mg/d). In addition to this result, equivalent of 11.5 g/day of salt consumption is very similar to the value reported in the intermap study [35] of 12 g/day in women, which suggest that there are no relevant changes in sodium intake spite of pregnancy. It is also similar to what has been reported at the China NNHS 2002 (12.5 g/day) [19] which suggests that in spite of the public health efforts, high sodium consumption remains stable in urban China.
A large number of western studies have indicated a positive association between socioeconomic status and diet quality. [33] In our study, it was also found that education, household income, prepregnancy BMI, and trimester phasing were significantly associated with some of the nutrient intakes. Pregnant women who consumed relative higher folic acid were more likely to have acquired higher education levels and greater household income, which were consistent with other reports. [3, 36] Pregnant women with a higher prepregnancy BMI consumed significantly less energy, fat, Vitamin C, and calcium during pregnancy than women with a lower prepregnancy BMI contradicting with previous reports from China, [6] but consistent with a German study. [37] It was evident that food intake patterns were less often positively associated with BMI in women. [38] A possible reason would be that pregnant women with higher prepregnancy BMI were educated by prenatal physicians ¶ The UL for Vitamin A is based on preformed Vitamin A (retinol). Assessment of the proportion of the population with intakes above the UL is based on intakes of preformed Vitamin A rather than total RAEs. **%TE: Percentage of total energy; DRIs: Dietary reference intakes; ɑ-TE: Alpha-tocopherol equivalents.
to cautiously prevent excessive gestational weight gain through diet control in order to have an easier delivery. However, an Irish study reported pregnant women with a BMI of ≥25 kg/m 2 were more likely to underreport their energy intake during early pregnancy (12-20 weeks) comparing with that of a BMI <25 kg/m 2 (odds ratio: 4.4; 95% confidence interval: 2.5-7.7). [39] A causal association needs to be explored by further research.
The subjects of this study were recruited from eight major cities located in different regions of China including the most developed cities. Therefore, the results should reasonably reflect the contemporary diet of pregnant women in urban China. A major limitation of this study is that the information on food was collected using a single 24-h dietary recall. Although 1-day 24-h dietary recall is sufficient to provide estimates of the average nutrient intakes of a large sample and to characterize the intakes to a certain extent, [40] there are random errors due to day-to-day variation in individual diets which could lead to over or underestimation. The most appropriate way to estimate the prevalence of inadequate intakes of a population is to obtain the usual intakes of the population and use EAR cut-point method based on the distribution of intakes. [41] While we have identified a few significant issues with nutrient intakes in the diets, it is not possible to conclude with certainty that the other nutrients are consumed in adequate amounts, due to this limitation of using 1-day of intake. Secondly, similar to most epidemiological nutritional surveys, the reliability of food intake data based on self-reported information may have some limitations. Although investigators explained food portion sizes, participants still may not have been able to estimate them accurately enough. And this may lead to some inaccurate results. Finally, the cross-sectional nature of the study hampers the drawing of conclusions on any causal inferences between socioeconomic level, gestational situation, and dietary intakes.
In conclusion, current nutrient intake of urban pregnant women in China is imbalanced when compared with national DRIs. Intake of energy derived from fat is excessive. Mean and median intakes of Vitamin A, B 6 , calcium, magnesium, and selenium are below Chinese RNI and EAR in all three trimesters. Adequate folic acid intake has been fulfilled for most pregnant women in the first trimester but significantly decreases in the second and third trimester. The shortfall in iron intake was found in the third trimester while some women may be at the risk of over consumption. Intakes of thiamin met RNI in the first trimester but were below EAR in all trimesters. Based on a single day dietary recall, we cannot determine that these nutrients are inadequate; however, if pregnant women expose themselves to a long-term nutrient imbalance, the risk of malnutrition may increase and they may compromise the health of their fetus and their own. Further research in rural areas and a longer period of dietary assessment to determine usual nutrient intakes would be relevant to confirm the situation among pregnant women in China. Researchers, healthcare providers, and public authorities need to collaborate to place great emphasis on promoting the DRI guidelines more effectively with the public and nutrition research with particular focus on food habits and how they can be influenced to achieve a more nutrient adequate diet for pregnant women.
